Abstract
6
interacting with p53 was developed. The results could be conducive to understand the genetic 82 mechanism for OPFRs compounds, and could provide the theory basis for their pollution 83 prevention and control. 
Materials and methods

85
RNA extraction and amplication
86
Total RNA was extracted from zebra fish using the TRIzol Reagent (Invitrogen, USA) 87 following the manufacturer's protocol. In ordeer to remove DNA contamination, RQ1 
Recombinant expression, denaturing purification and renaturation of p53 protein
94
The pET28a expression vector (Novagen) was used to clone the final amplified product.
95
The core DNA-binding domain of p53 was overproduced in E. coli BL21 (DE3). The cells 96 were cultivated at 37 °C until the OD reached to 0.5-0.8. After that, 0.6 mM isopropyl 97 β-D-thiogalactoside was joined to induce the expression of the recombinant protein at 25 °C 98 for 6 h. All subsequent procedures were performed at 4 °C. The cells were harvested and 99 washed and purified as previously described. 34 
100
Binding constants for OPFRs using biacore analyses
101
The interaction between p53 and OPFRs was measured by SPR on Biacore T100 (GE 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 penicillin, and 100 µg/ml streptomycin, in a humidified atmosphere containing 5% CO 2 at 118 28 °C.
Quantitative Real-time PCR of p53 gene expression and western blotting analysis
119
The ZF4 cells were exposed with low, media and high concentration (10 -6 , 10 -5 , 10 -4 M)
120
of TCEP or TPhP for 24 h, respectively. Total RNA was isolated in TRIzol reagent (Invitrogen, 121 Carlsbad, CA, USA) from the ZF4 cells following the manufacturer's directions. primers used to quantify the β-Actin and p53 are Forward-CGAGCAGGAGATGGGAACC,
123
Reverse-CAACGGAAACGCTCATTGC, Forward-GGGCAATCAGCGAGCAAA and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Molecular Dynamics Simulation
146
The MD simulation were carried out with Discovery Studio 2.5 through the Simulation 147 protocol. The CHARMM27 force field was defined to the compounds by using Apply 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 the boundary of the box is at least 7 Å away from any atoms. The 10 OPFRs were randomly splited to a training set (70%) and a validation set (30%),
176
( Table 2 ). The QSAR model was built by partial least squares (PLS) regression embeded in
177
Simca-S because it can avoid strongly collinear and noisy during the analysis of data. 45 The 178 leave-many-out cross validation was performed to obtain the number of PLS components (A).
179
Through the cross-validation, a statistical Q 
Binding kinetic analysis between p53 and OPFRs
208
For the binding interaction between OPFRs and p53 protein, it can be described by the 209 following equation:
where k a and k d stand for the association rate constant and the dissociation rate constant,
211
respectively.
212
The p53DBD was immobilized on gold surface and OPFRs was injected into the flow 213 system as the analyte. The kinetic constants of the binding process were given in Table S1 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 12
Effect of OPFRs on p53 genes and protein expression in ZF4 cell
215
The variation profiles of p53 mRNA expression and protein expression in ZF4 cell were His182, Ser183 in the binding sites. Figure S1 showed the electrostatic potential of the two 237 representative OPFRs (TCEP and TPP), which suggested that the negative electrostatic 238 potentials facilitated OPFRs to interactive with p53 easily. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
QSAR model Development and validation
252
The stepwise regression was used to screen QSAR descriptors, and then 19 of them were
253
chosen for the following model development (Table S2) As shown in Figure S3 , the distribution of residuals is tested by Kolmogorov-Smirnov 
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